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(54) Methods for switching mobile terminals between satellite and terrestrial modes 



(57) Methods for switching a TObile between oper- 
ation in an mobile satellite system mode and a terrestrial 
wireless mode. When operating in the terrestrial wire- 
less mode, the mobile terminal will initiate an attempt to 
switch into the MSB mode when it nears the boundary 
of the coverage area for a terrestrial wireless system to 
which it is registered. Conversely, a mobile terminal op- 
erating in the MSS mode will regularly attempt to switch 
into the terrestrial wireless mode. For both, a switch be- 
tween modes is contingent on the mobile terminal iden- 
tifying a suitable system for registration therewith upon 
completing the switch between modes. The criteria for 
identifying a suitable system for selection purposes in- 



clude the following (1 ) the selected system is available, 
i.e.. the mobile terminal is physically located within a 
coverage area for the selected system; (2) the mobile 
terminal is compatible with the selected system; and (3) 
the selected system is willing to accept the mobWe ter- 
minal. If multiple systems meet these criteria, the mobile 
terminal will utilize a stored list of preferred systems to 
select therefrom. When switching into the terrestrial 
wireless mode, the MSS system provides the mobile ter- 
minal with switch-over information for the underlying ter- 
restrial wireless systems and. when switching into the 
MSS mode, the terrestrial wireless system provides the 
mobile terminal with switch-over Information for the 
overlying MSS systems. 
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Description 

[0001] The invent'ron relates generally to mobile sat- 
ellite and terrestrial wireless communication systems 
and. more particularly, to interworking techniques for en- 
abling a dual-mode mobile satellite/terrestrial wireless 
phone to transparently switch between satellite and ter- 
restrial wireless service providers. 
[0002] Mobile satellite systems (or "MSSs") are satel- 
lite systems which support mobile voice and/or data 
seivices. MSSs have a number of advantages over 
more common terrestrial wireless communication sys- 
tems such as cellular or personal communication sys- 
tems (or 'PCS"). One such advantage is that MSB sys- 
tems typically provide larger coverage areas. MSB sys- 
tems may also be more cost effective in undeveloped 
and lightly developed rural areas where a terrestrial mo- 
bile communication system may be both difficult and 
costly to Install and maintain. For these reasons, MSB 
systems are often seen as the key to achieving global 
coverage for mobile communication systems. 
[0003] MSB systems are not without their shortcom- 
ings, however. MSB systems may fail to deliver services 
when line-of-sight requirements are violated, for exam- 
ple, when son/ice is attempted in urbanized areas pop- 
ulated with numerous high-rise buildings. Service from 
MSB systems is typically much more costly than service 
from terrestrial systems. MBS service also lacks many 
of the user features which have made cellular and PCS 
systems popular Thus, from this perspective, cellular or 
PCS systems are often preferred over MBS systems 
when both are available. 

[0004] While MBS and terrestrial wireless systems 
are often interconnected by way of the public switched 
telephone network (or 'PSTN"), such interconnections 
have shortcomings. For example, in Fig. 1 . an MSB sys- 
tem 10, representatively illustrated by a MSB satellite 
and a terrestrial wireless system, representatively illus- 
trated by a mobile switching center 12 bi-directionally 
coupled to a base station 14, provide service coverage 
" throughout geographic areas 16 and 18, respectively. 
The MBS system 10 is coupled to PSTN 26 by a gate- 
way 28 (a satellite dish physically coupled to the PSTN 
26 and in two-way radio communicatk>n with the MSB 
system 10) while the terrestrial wireless system 12 is 
coupled to the PSTN 26 by a local exchange carrier (or 
•LEG") 30 bi-directionally coupled to the MSG 12. Also 
shown in Fig. 1 are first, second and third mobile termi- 
nals 20, 22 and 24. all of which are tocated within the 
coverage area 1 6 of the MSB system 10 but only two of 
which (the mobile terminals 20 and 22) are located with- 
in the coverage area 1 8 of the terrestrial wireless system 
12. If one assumes that the first mobile terminal 20 is 
configured for operatkxi as an MSB system terminal 
while the second and third mobile terminals 22 and 24 
are configured for operation as terrestrial wireless sys- 
tem terminals, a call originated by the first mobile termi- 
nal 20 and having the second mobile terminal 22 as its 



destination is directed from the first mobile terminal 20 
to the MBS system 10. the gateway 28, the PSTN 26, 
the LEC 30. the MBC 12 and the base station 14 before 
arriving at the second mobile terminal 22. Thus, even 

5 though the first and second rTX>bile terminals are in ck)se 
pjhysical proximity to each other, hot only must a call be- 
tween the two be directed along a circuitous route, but 
along a route subject to substantial toll charges. Further- 
more, as the third mobile terminal 24 is outside the cov- 

?o erage area 18 of the terrestrial wireless system, a call 
from the first nrx)bile terminal 20 to the third mobile ter- 
minal 24 cannot be completed even though the third mo- 
bile tenninal 24 is within the coverage area 16 for the 
MBS system 10. Thusly, the existing interconnection be- 
tween the MSB system 10 and the terrestrel wireless 
system 12 typically provides limited service at relatively 
high cost. 

[0005] In order to ensure the broadest possible geo- 
graphical coverage and to avoid unnecessarily expen- 
20 sive calls, a wireless subscriber must currently carry 
both terrestrial wireless and MBS phones. As such a so- 
lution Is both cumbersome (because of the need to carry 
two phones and two phone numbers) and expensive 
(because of the need to contract with two service pro- 

2S viders), a dual mode phone capable of operating within 
both MSB and terrestrial uireless systems with manual 
mode switching between the two systems has been pro- 
posed. However, such a phone lacks the ability to auto- 
matically change operating mode when a switch be- 

30 tween systems would be advantageous to the user. 
Manual switching systems also require considerable us- 
er knowledge as to when a switch between satellite and 
terrestrial systems would be advantageous and lack the 
■seamless" switching preferred by many consumers for 

35 multi-mode terminals. 

[0006] For example, for a mobile terminal to first 
switch from operation in a terrestrial wireless mode to 
operation in a MBS mode and to then register with a 
MSB system, the mobile terminal must overcome cer- 

40 tain obstacles. More specifically, before the mobile ter- 
nr«ftal can initiate the registration process, the mobile 
terminal must first locate a MBS system, determine its 
access type and determine synchronization information 
such as differential and propagation delay factors. Sim- 

45 iiar obstacles make it difficult for a mobile terminal to 
switch from the MSB mode into the terrestrial wireless 
mode and then register with a terrestrial wireless sys- 
tem. While the mobile terminal can search for and ac- 
quire all of the information needed to initiate the regis- 

50 tration process, the process can be quite time consum- 
ing. For example, much of the needed infomnation can 
be obtained from the control channel for the MSB or ter- 
restrial wireless systems broadcast. However, each sys- 
tem (or cell within a system) broadcasts at a different 

55 frequency within an operating band. Thus, to locate a 
control channel, the mobile terminal must scan the en- 
tire operating band. While the mobile terminal is search- 
ing for and acquiring information needed to register with 
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a system operating in a different mode, it n^ay be forced 
to suspend all other operations. Thus, the mobile termi- 
nal may lose calls and miss incoming pages, thereby 
reducing terminal availability and call delivery success 
rates. 

[0007] The present invention is defined in the accom- 
panying independent claims. Some preferred features 
are recited in the dependent claims. 
[0008] For a dual mode mobile terminal capable of op- 
erating a first mode in which calls are routed through a 
MSS system and a second mode in which calls are rout- 
ed through a terrestrial wireless system such as a cel- 
\u\af or PCS system, the present invention is directed to 
intcrworti techniques for the dual mode mobile terminal 
which increase availability of the mobile terminal to re- 
ceive calls by reducing the time required for the mobile 
terminal to switch between the first and second modes. 
Switch-over xme is reduced by having the systems 
wt^ich operate in a first mode provide mobile terminals 
icgistercd Iherelo with information which will assist the 
mobile lei minals ri they attempt to register with a system 
which operates in a second mode. By doing so, the mo- 
bile terminal can more quickly locate and register with 
a system operating in a different nrxxJe and will spend 
considerably loss time unavailable while searching for 
a new system to register therewith. 
[0009] The interwork techniques subject of the 
present invention also encourages the nrK>st economical 
use of such a dual-mode mobile terminal in that, as ter- 
restrial wireless service provides such .as cellular or 
PCS service providers are typically less expensive then 
calls routed through a MSS sen^ice provider, when reg- 
istered to a MSS system service provider, the mobile 
terminal will continuously seek out a less expensive ter- 
restrial wireless system service provider. 
[001 0] The intenvork technique subject of the present 
invention also encourage broader continual geographi- 
cal coverage for a mobile terminal by automatically 
seeking a suitable MSS service provider whenever the 
mobile terminal detects that it is leaving the coverage 
■ area for a terrestrial wireless system to which it is reg- 
istered. 

[0011] Finally, by only executing when the mobile ter- 
minal is idle, the intenvork techniques which are the sub- 
ject of the present invention and which provide the atore- 
menttoned benefits of reduced cost and broader contin- 
ual coverage area, are transparent to the user. 
[0012] In accordance with the teachings of the 
present invention, when operating in the terrestrial wire- 
less mode, the mobile terminal will initiate an attempt to 
switch into the MSS mode when it nears the boundary 
of the coverage area for a terrestrial wireless system to 
which it is registered. Conversely, a mobile terminal op- 
erating in the MSS mode will regularly attempt to swrtch 
into the terrestrial wireless mode. For both, a switch be- 
tween modes is contingent on the mobile terminal Iden- 
tifying a suitable system for registration therewith upon 
completing the switch between modes. The criteria for 



identifying a suitable system for selection purposes in- 
clude the following: (1 ) the selected system is available, 
i.e.. the mobile terminal is physically located within a 
coverage area for the selected system; (2) the rnobWe 

5 terminal is compatible with the selected system; and (3) 
the selected system is willing to accept the nrKDbile ter- 
minal. If multiple systems meet these criteria, the mobile 
terminal will utilize a stored list of preferred systems to 
select therefrom. When switching into the terrestrial 

10 wireless mode, the MSS system provkJes the mobile ter- 
minal with switch-over informatkxi for the underlying ter- 
restrial wireless systems and, when switching into the 
MSS rrxxJe. the terrestrial wireless system provides the 
mobile terminal with switch-over information for the 

IS overlying MSS Systems 

[001 3] According to one particular form of the present 
invention there is provided for a mobile terminal config- 
ured for operation in a first, mobile satellite system 
("MSS"), mode and a second, terrestrial wireless, mode. 

20 a method of switching said mobile terminal from con- 
ducting operations with a MSS system in said first mode 
to conducting operations in said second mode, compris- 
ing the steps of: 



2S 



30 



while operating in said first mode, said mobile ter- 
minal selecting a terrestrial wireless system for fur- 
ther operations; and 

upon selection of a terrestrial wireless system for 
further operations, said mobile terminal switching 
from conducting operattons in said first mode to 
conducting operations in said second mode if sakJ 
selected terrestrial wireless systems is available. 



[0014] Preferably, while operating in said first mode, 
3S said mobile terminal periodically checks for terrestrial 
wireless systems for possible further operations. 
[0015] The mobile terminal may periodically check for 
terrestrial wireless systems upon registering with said 
MSS system, remaining idle for a pre-selected time pe- 
40 riod, re-registering with sakJ MSS system, registering 
_ wth a next MSS system and re-registering with sakJ next 
MSS system. 

[0016] Prk5r to said mobile terminal selecting a terres- 
trial wireless terminal, sakJ MSS system may transmit, 

45 for each one of at least one terrestrial wireless system 
underlying a coverage area for said MSS system, 
switch-over information for use when switching from 
conducting operations with said MSS system in said first 
mode to conducting operations. In said second mode. 

so with a respective one of said at least one terrestrial wire- 
less systems underiying said coverage area for said 
MSS system. 

[0017] The terrestrial wireless system may be select- 
ed for further operatk>ns by the mobile terminal selecting 
ss said terrestrial wireless system for further operations 
from said at least one terrestrial wireless system for 
which said MSS system transmits switch-over informa- 
tion to said mobile terminal. 
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[0018] The step of selecting said terrestrial wireless 
system for continued operations fronri said at least one 
terrestrial wireless system for which said MSS system 
transmit switch-over information to said mobile terminal 
can further comprise the steps of: 

said mobile terminal determining if any of said at 
least one terrestrial wireless system for which said 
MSS system transmits switch-over infomnation is 
compatible with said mobile terminal; 
said mobile terminal determining if any off said at 
least one terrestrial wireless system for which said 
MSS system transmits switch-over information and 
determined to be compatible with said inobile ter- 
minal will accept said mobile terminal; and 
selectirig, from said at least one terrestrial wireless 
system tor which said MSS system transmits 
switch-over information, determined to be compat- 
ible with said mobile terminal and which will accept 
said mobile terminal, a preferred terrestrial wireless 
system as said selected terrestrial wireless system 
for continued operations. 

[0019] The mobile terminal may periodically deter- 
mine if said selected terrestrial wireless system is avail- 
able; and 

said mobile terminal may register with said select- 
ed terrestrial wireless system upon determining that 
said selected terrestrial wireless system is available. 
[0020] Preferably, the method further comprises con- 
tinuing to operate said mobile terminal in said first mode 
if: 

(1 ) there is no terrestrial wireless system which un- 
derlies said MSS system; 

(2) none of said terrestrial wireless systems which 
underlie said MSS system is compatible with said 
mobile tenminal; 

(3) none of said compatible available terrestrial 
wireless systenns which underlie said MSS system 
is wiifirig to accept said mobile terminal; 

or 

(4) none of said compatible available terrestrial 
wireless systenns which underlie said MSS system 
which are willing to accept said mobile terminal are 
available. 

[0021] The present invention can be put into practice 
in various ways some of which will rK)w be described by 
way of example with reference to the accompanying 
drawings which: 

Fig. 1 is a block diagram of MSS and terrestrial wire- 
less communication systems having overlapping 
coverage areas; 

Fig. 2 is a flow chart of a method for switching a dual 
mode mobile terminal from a first, terrestrial wire- 
less, nnode into a second, MSS, nnode ; 



Fig. 3a is a flow chart of a method for switching the 
dual mode nrvDbile terminal from the MSS mode into 
the ten-estrial wireless mode ; 
Fig. 3b is a flow chart of an alternate method for 
5 switching the dual mode mobile terminal from the 
MSS mode into the terrestrial wireless mode ; and 
Fig. 3c is a flow chart of another alternate method 
for switching the dual mode mobile tenminal from 
the MSS mode into the terrestrial wireless mode. 

TO 

[0022] Referring now to Fig. 1 , it is now presumed that 
the first mobile terminal 20 is a dual-mode mobile termi- 
nal configured for operation in a first mode wherein the 
mobile terminal 20 is capable of establishing voice or 

IS data connections with a second terminal via the MSS 
system 10 and In a second mode whereby the mobile 
terminal 20 is capable of establishing voice or data con- 
nections via the terrestrial wireless system 12 which, in 
alternate embodiments thereof, may be a cellular or 

20 PCS system. Preferably, the mobile terminal 20 will in- 
clude a selector switch which enables user selection of 
operation in either one of MSS mode or in terrestrial 
wireless mode. In the absence of such a selector switch, 
the mobile tenminal should be configured to default to 

2S operation in one of the two nrKxies. for example, MSS 
mode. It is also preferred that the mobile terminal 20 in- 
clude a processor subsystem (not shown) which, upon 
power- up of the mobile, initially switches the nnobile ter- 
minal 20 Into the selected mode, registers the nnobile 

30 terminal 20 with an available system and then launches 
an application which monitors operation of the mobile 
terminal 20 and detenmines when switches between op- 
eration in MSS mode and operation in terrestrial wire- 
less mode are appropriate. It is still further preferred that 

35 the mobile terminal 20 also include a memory subsys- 
tem (also not shown) which contains, among other 
items, a list of all known systems which the mobile ter- 
minal 20 has a "roaming" or other type of service agree- 
ment, a list of the MSS systenns, an-anged in order of 

40 preference for use and a list of terrestrial wireless sys- 
tenns, again arranged in order of preference for use. As 
will be more fully described below, the list of known sys- 
tems shall be a dynamic list subject to periodic modifi- 
cation, for example, by adding additional MSS and/or 

45 terrestrial wireless systems to the lists of known sys- 
tems. 

[0023] Referring next to Fig. 2. a method of automat- 
ically switching the mobile terminal 20 from a terrestrial 
wireless system to whteh it had previously been regis- 

50 tered to a MSS system when the mobile terminal 20 trav- 
els outside of the coverage area 18 of the terrestrial 
wireless system will now be described in greater detail. 
A switch from registration with a ten-estrial wireless sys- 
tem to an MSS system is herein defined as an "idle 

55 hand-up. " The method starts at step 32 when the follow- 
ing preconditions have been met: the mobile terminal 
20 is powered-up, is registered with a terrestrial wireless 
system and is idle. If any of these preconditbns are not 
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present, the method will not commence. For example, 
if the mobile temiinal 20 is in use, it will not begin the 
process by which a switch into MSS mode is accom- 
plished. In this regard, it should be clearly understood 
that the present invention does not support in-call mode 
switches. 

[0024] Upon commencement thereof, the method 
proceeds to step 34 where the mobile terminal 20 de- 
terniines if it is leaving the coverage area 18 for the ter- 
restrial wireless system 12 to which it is registered. It is 
contemplated that various techniques may be used to 
determine if the mobile terminal 20 is leaving the cover- 
age area 18. Accordingly, it should be clearly under- 
stood that the particular technique described herein is 
purely exemplary. While idle, it is the responsibility of 
the mobile terminal 20 to periodically check the signal 
strength of the control channel of the terrestrial wireless 
system to virtiich the mobile terminal 20 has been regis- 
tered. As the time period between successive checks is 
very short, the mobile terminal 20 is, in effect, continu- 
ously checking signal strength of the control channel. If 
a check of the signal strength of the control channel of 
the terrestrial wireless system indicates that the signal 
strength has sufficiently weakened, for example, by 
dropping below a preselected threshold value, the mo- 
- bile terminal 20 will then check signal strength of the 
control channel for neighboring cells. If the mobile ter- 
minal 20 determines that the signal strength for the con- 
trol channel for one of the neighboring cells is stronger, 
a registration and locatbn update will be conducted and. 
once this procedure is completed, the mobile terminal 
20 will begin PDonitoring the control channel of the neigh- 
boring cell. If the control channel for none of the neigh- 
boring cells have a greater signal strength, the mobile 
terminal 20 determines that it will soon drop out of the 
coverage area 1 8 for the terrestrial wireless system and 
will begin the process of kJentrfying an MSS system to 
register therewith. 

[0025] Upon determining that it is leaving the cover- 
age area 1 8. the method proceeds to step 36 where the 
- - mobile terminal 20 begins a review of data regarding the 
available MSS systems. For the mobile terminal 20 to 
switch into MSS mode and conduct operations with an, 
as yet unselected. MSS system, it is contemplated that 
the following data will be needed: a list of all of the MSS 
systems which overlie the terrestrial wireless system 1 2 
and, for each such overlying MSS system, 'switch-over" 
information, i.e.. the informatbn needed for the mobile 
terminal 20 to conduct operations, for the MSS system. 
It is contemplated that the switch-over inforrration for 
an MSS system shouW include the following: satellite 
network ID. satellite network type, control channel struc- 
ture, synchronization timing offset informatkxi, satellite 
orbit parameters and RF bands and radio parameters. 
The satellite network ID uniquely identifies an MSS sys- 
tem. The satellite network type identifies the access 
method to which the MSS system adheres. For exam- 
ple. TDMA and CDMA represent different access meth- 



ods to which the MSS system may adhere. The control 
channel structure dentifies the frequency and channel 
number for the control channel for the MSS system. 
Synchronization timing offset infonnatk>n includes dy- 
5 namic satellite information such as differential delay and 
propagation delay due to distance and satellite move- 
ment. Satellite orbit parameters provides locational in- 
formation for the MSS system and is particularly useful 
for mobile temiinals having directbnal antennas. Final- 
10 ly, RF bands and radio parameters provide operatfon 
frequencies and Doppler shift for the MSS system. 
[0026] Much of the foregoing informatton may be ob- 
tained when the MSS system 1 0 and the terrestrial wire- 
less system 1 2 enter into a roaming agreement whereby 
IS rrobile terminals having one system as their "home" 
system may operate in the other system as a roaming 
terminal. Other information, for example, timing and de- 
lay informatton. may require some calibration based up- 
on the coverage area of the terrestrial wireless system 
20 relative to the coverage area of the MSS system and the 
access method for the MSS system. The infomnation 
can also be dynamically updated by using a satellite re- 
ceiver at the MSG of the terrestrial wireless system 12. 
All. however, can be readily obtained and stored at the 
2S MSG of the terrestrial wireless system 1 2 for broadcast 
into the coverage area 1 8 thereof. For example, the fore- 
going information may be broadcast on a previously re- 
sen/ed portion of the control channel for the terrestrial 
wireless system 12. 
30 [0027] It is contemplated that the MSG of the terres- 
trial wireless system 12 should acquire and broadcast 
the aforementioned switch-over information for each 
overlying MSS system. By the term "overlying MSS sys- 
tem', it is intended to refer to MSS systems having a 
35 coverage area that encompasses the entire coverage 
area for the terrestrial wireless system. In an alternate 
embodiment of the invention, it is contemplated that the 
term "overiying" MSS system further include MSS sys- 
tems having coverage areas which predominately, or 
40 even partially overlaps, the coverage area for the ter- 
restrial wireless system. Such a configuration is possi- 
"ble since a land cell is relatively small, typically on the 
order of about 1 0 km in diameter, while a satellite usually 
provides coverage over areas in excess of 200 km in 
45 diameter. As coverage areas do not have precise 
boundaries, it is often possible that exchanges can be 
conducted outskJe the boundaries of the coverage area. 
Furthermore, since the coverage area for MSS systems 
are much larger than that for a land cell, it is very likely 
so that the coverage area for a MSS system would "drag' 
over the portion of the coverage area for a terrestrial 
wireless system which does not overiap the coverage 
area for the MSS system. 

[0028] The mobile terminal 20 obtains the switch-over 
55 information from the MSG of the terrestrial wireless sys- 
tem over an kJle hand-up information channel on which 
the switch-over information is continuously broadcast. 
Alternately, the kile hand-up information channel may 
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be a separate channel broadcasting at an available fre- 
quency or a preallocated portion of the control channel. 
Whether on a special channel or a preallocated portion 
of the control channel, the broadcast of the switch-over 
information is Ignored by the mobile tenninal 20 until the 
mobile terminal 20 determines that it is leaving the cov- 
erage area The mobile temninal 20 will then tune to the 
special channel or preallocated portion of the control 
channel carrying the switch-over information and ac- 
quire It Alterr^tely. upon determining that it is leaving 
the coverage area 1 8. the mobile temninal 20 may Issue 
a request to the MSG of the terrestrial wireless system 
12 Icr the mode switch-over information. In response, 
the MSG ol the terrestrial wireless system 12 would 
transmits a reply message which contains the mode 
swilch-cver inlormation. 

(0029] Thus, at step 36, the mobile terminal 20 checks 
the switch-over infonnation to determine if there are any 
o^erlymg MSS systems, i.e.. MSS systems having cov- 
erage aieas which fully encompass the coverage area 
ol ttie leiiestrial wireless system. Each MSS system for 
which the terrestrial wireless system broadcasts switch- 
over information therefor is an overlying MSS system. 
Conversely, the absence of switch-over information in- 
dicates that there arc no overlying MSS systems. If a 
review of the switch-over information indicates that 
there is at least one overlying MSS system, the method 
proceeds on to step 38 where the mobile terminal 20 
first examines the switch-over information to determine 
if any of the available MSS systems are compatible with 
the mobile terminal 20. For example, an available MSS 
system is incompatible with the mobile terminal if each 
is configured for a different access method. For exam- 
ple. H the terrestrial wireless system 12 is a TDMA sys- 
tem while the MSS system 10 is a CDMA system, the 
two are Incompatible with each other 
[0030] If one or more of the available MSS systems is 
compatible for use with the mobile terminal 20, the meth- 
od proceeds to step 40 where the mobile terminal 20 
determines if any of the compatible available MSS sys- 
tems are "willing to accept the mobile terminal 20. Gen- 
erally, the MSS system is only willing to accept mobile 
terminals for which a roaming or other type of sen/ice 
agreement has been reached. To check if any of the 
compatible available MSS systems are willing to accept 
roaming, the mobile terminal checks the satellite system 
ID for each compatible and available MSS system to the 
system IDs maintained in the memory subsystem there- 
of. A match indicates that the MSS system is willing to 
accept the mobile terminal 20. 

[0031] Oftentimes, there may be available MSS sys- 
tems which are compatible for use with the mobile ter- 
minal 20 but which arc not listed in the system IDs main- 
tained in the memory subsystem of the mobile terminal 
20. For example, an available MSS system which is 
compatible for use with the nrx>bile terminal 20 may not 
have become operational until after the list of system 
IDs were stored in the menrK>ry subsystem of the mobile 



terminal 20. Accordingly, if it is determined at step 40 
that none of the compatible available MSS systems are 
willing to accept the mobile terminal, the method pro- 
ceeds to step 41 where the mobile terminal 20 will at- 
5 tempt to test register with each of the compatible avail- 
able MSS systems. Upon the first successful registra- 
tion of the mobile terminal 20 with one of the compatible 
available MSS systems not contained in the list of sys- 
tem IDs stored in the memory subsystem, the mobile 
10 terminal 20 will add the system ID for the MSS system 
to the bottom of its list of system IDs stored in the mem- 
ory subsystem and will then proceed to step 42. 
[0032] The method then proceeds to step 42 where 
the mobile terminal 20 selects, from the available com- 
is patible MSS systems which are willing to accept the mo- 
bile terminal 20 or to which the mobile terminal 20 has 
successfully test registered, a preferred MSS system. If 
the mobile temilnal 20 successfully test registered to an 
compatible available MSS system, that MSS system is 
20 the preferred system. If there is only one available MSS 
system which is both compatible with and willing to ac- 
cept the mobile terminal 20. that MSS system will be the 
preferred system. If. however, there are multiple availa- 
ble MSS systems which are both compatible with and 
2S willing to accept the mobile terminal 20, at step 42. the 
mobile terminal 20 selects a preferred MSS system. As 
previously set forth, stored in the memory subsystem of 
the mobile tenminal 20 is a list of preferred MSS systems 
ranked in order of preference. The mobile tenminal 20 
30 checks the system ID for each available MSS system 
compatible with and willing to accept the mobWe terminal 
20 to the system ID for the most prefen-ed system on 
the list. If none of the available MSS systems have a 
system ID which matches the system ID for the pre- 
3S f erred system, the system I Ds for the available MSS sys- 
tems are then checked against the system ID for the 
next preferred system. This continues until a match be- 
tween one of the available MSS systems and the highest 
ranked system ID on the list of preferred systems is iden- 
40 tified. The matching MSS system is then selected as the 
preferred MSS system. 

[0033] Continuing on to step 44, the mobile terminal 
de-registers with the terrestrial wireless system and, at 
step 46. the mobile tenminal 20 registers with the select- 

45 ed MSS system. The method then ends at step 50. 
[0034] To register with the selected MSS system, the 
mobile tenminal 20 changes its mode of operation to 
MSS and looks for the appropriate digital control chan- 
nel with the appropriate timing offset as described in the 

50 switch-over information for the selected MSS system. If 
the mobile terminal 20 has a directional antenna, the 
satellite orbital kx:ation Information contained in the 
switch-over information will improve lock-on and track- 
ing speed, thereby improving the success rate for initial 

55 registration with the selected MSS system. Having reg- 
istered wrth the selected MSS system, the idle hand-up 
from the terrestrial wireless system 12 to the selected 
MSS system is complete. The mobile terminal 20 then 
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awatts further Instructions from the selected MSS sys- 
tem. 

[0035] lf» however, it is determined at step 36 that 
there are no available MSS systems or. if it is determined 
at step 38. that none of the available MSS systems are 
compatible with the mobile terminal 20 or, if it is deter- 
mined at step 40. that none of the compatible available 
MSS terminals are willing to accept the mobile terminal 
20 and it is determined at step 41 that the mobile temni- 
nal 20 is unable to test register with any of the compat- 
ible available MSS terminals, the method proceeds to 
step 48 where the mobile terminal 20 would continue to 
operate in the terrestrial wireless mode until dropped by 
the terrestrial wireless system, for example, if the mobile 
terminal 20 loses the signal from the terrestrial wireless 
system. The method would then end at step 50. 
[OOae] Referring next to Fig. 3a-c. various methods of 
the mobile terminal automatically switching from the 
MSS mode where it is registered to a MSS system to a 
terrestrial wireless mode where it Is registered to a ter- 
restrial wireless system shall now be described in great- 
er detail. Broadly speaking, the disclosed methods of an 
■idle hand-down' of a mobile temiinal from a MSS sys- 
tem to a terrestrial wireless system are based upon the 
premise that terrestrial wireless systems are more eco- 
. nomical and are, therefore, preferred for use whenever 
available. Accordingly, the method of the present inven- 
tion periodically determines the availability of terrestrial 
wireless systems and selects a preferred terrestrial 
wireless system with which to conduct future operations. 
[0037] The first of these techniques may be seen by 
reference to Fig. 3a. This method of switching from the 
MSS mode to a terrestrial wireless mode assumes that 
no information is available regarding the position of the 
mobile terminal 20. The method starts at step 52 when 
the following pre-conditions are met: the nriobile temiinal 
22 is powered-up. registered with a MSS system 10 and 
idle. If any of these conditions are not met. for example, 
the mobile terminal 20 is In use, for examples is engaged 
in either voice or data communications, the mobile ter- 
- - minal20willnotswitchintotheterrestrialwirelessmode. 
[0038] Upon commencement thereof, the method 
proceeds to step 54 where the mobile terminal 20 
checks to see rf there are any underlying terrestrial wire- 
less systems by checking an idle hand-down informa- 
tion channel over which switch-over; informatton for un- 
derlying terrestrial wireless systems Is continuously 
broadcast. Alternately, the idle hand-down information 
channel may be a separate channel broadcasting at an 
available frequency or a preallocated portion of the con- 
trol channel for the MSS system 10. If the idle hand- 
down information channel for the MSS system 10 con- 
tains switch-over informatton for one or more terrestrial 
wireless systems which underiie the coverage area 16 
of the MSS system 10. the mobile terminal 20 acquires 
the Information. Like switch-over infoimation for MSS 
systems, switch-over information regarding existing ter- 
restrial wireless systems which underiie the coverage 



area for the MSS system 1 0 is relatively static for exist- 
ing systems and can be readily collected and main- 
tained by the MSS system 10 for later transfer to the 
mobile terminal 20. Of course, new service providers or 

5 expanstons of existing service provders will have to pro- 
vide switch-over information to the operator of the MSS 
system 10 Generally, the MSS system 10 will maintain 
switch-over Information on any terrestrial wireless sys- 
tem having a coverage area that overlaps any portkxi 

10 of the coverage area 16 of the MSS system 10. This 
applies to each of the MSS to terrestrial wireless hand- 
down techniques described herein since each of these 
techniques check the availability of terrestrial wireless 
systems identified in the switch-over information. 

IS [0039] The switch-over information which will be 
maintained by the MSS system 10 for all such underly- 
ing terrestrial wireless systems should includes the fol- 
k>wlng: system ID. system type, control channel struc- 
ture, operating RF bands and. if positional information 

20 is maintained therefor, coordinates for the coverage ar- 
ea thereof . The system ID uniquely identifies a terrestrel 
wireless system. The system type Identifies the access 
method to which the terrestrial wireless system adheres. 
For example, TDMA. CDMA and GSM represent differ- 

2S ent access method to which the ten^estrial wireless sys- 
tem may adhere. The control channel stmcture identi- 
fies the frequency and channel number for the control 
channel for the terrestrial wireless system. The operat- 
ing RF bands identifies the frequencies at which the sys- 

30 tem transmits radio signals. For example, while PCS 
systems operate in a frequency band centered at either 
900 MHz or 1900 MHz and NA-TDMA systems operate 
in a frequency band centered at 800 MHz. individual 
systems operate at a discrete frequency within the f re- 

35 quency band. Thus, by specifying the operating fre- 
quency for specific systems, the time spent by the mo- 
bile terminal 20 while searching for systems may be 
greatly reduced. 

[0040] The MSS system 10 continuously broadcasts 

40 the aforementioned information for each underlying ter- 
restrial wireless system using the idle hand-down infor- 
mation channel. It should be noted that the switch-over 
Information broadcast by the MSS system 10 is beam- 
dependent. Thus, If the MSS system 10 generates plural 

45 beams, the switch-over information broadcast over the 
control channel for each beam may vary, depending on 
the particular terrestrial wireless systems which underiie 
each of the beams. When the mobile terminal 20 first 
registers with the MSS systems 10. it seeks a suitable 

so terrestrial wireless system by examining the idle hand- 
down Infomnation channel for owitchover information 
and acquiring the switch-over information when kx:ated. 
If the procedure does not result in a switch-over to an 
underlying terrestrial wireless system, the procedure 

55 may repeat whenever the mobile terminal re-registers 
to the MSS system 10 or enters another beam of the 
same MSS system. 

[0041] If there is switch-over information for any un- 
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derlying terrestrial wireless systerre in the idle hand- 
down information channel for the MSS system 10, the 
method proceeds to step 56 where the mobile terminal 
20 first examines the switch-over information to deter- 
mine if any of the underlying terrestrial wireless systems 
are compatible with the mobile terminal 20. For exam- 
ple, an available terrestrial wireless system is incorrpat- 
ible with the mobile terminal if each is configured for a 
different access method. If one or more of the available 
terrestrial wireless systems are compatible for use with 
the mobile terminal 20. the method proceeds to step 58 
where the mobile terminals detemiines if any of the com- 
patible available terrestrial wireless systems are willing 
to accept the mobile terminal 20. Generally, a terrestrial 
wireless system is only willing to accept mobile termi- 
nals for which a roaming agreement has been reached. 
To check if any of the compatible available terrestrial 
wireless systems are willing to accept roaming, the mo- 
bile terminal 20 checks the terrestrial wireless system 
ID for each compatible and available terrestrial wireless 
system to the system IDs maintained in the memory 
subsystem thereof. A match indicates that the terrestrial 
wireless terminal is willing to accept the mobile temninal 
20. 

[0042] As before, oftentimes there be available terres- 
trial wireless systems which are compatible for use with 
the mobile terminal 20 but which are not listed in the 
system IDs maintained in the memory subsystem of the 
mobile temninal 20. For example, an available terrestrial 
wireless system which is compatible for use with the mo- 
bile terminal 20 may not have become operational until 
after the list of system IDs were stored in the memor/ 
subsystem of the mobile temninal 20. Accordingly if it is 
determined at step 40 that none of the compatible ter- 
restrial wireless systems which are willing to accept the 
mobile temninal 20. the method proceeds to step 59 
where the mobile terminal 20 will attempt to test register 
with each of the compatible available terrestrial wireless 
systems. Upon the first successful registration of the 
mobile terminal 20 with one of the compatible available 
' ~ terrestriaPwireless systems not contained in the list of 
system IDs stored in the memory subsystem, the mobile 
terminal 20 will add the system ID for the terrestrial wire- 
less system to the bottom of its list of system IDs stored 
in the memory subsystem and will then proceed to step 
60. 

[0043] If, however, it is determined at step 54 that the 
received Information indicates that there are no under- 
lying terrestrial wireless systems or if it is determined at 
step 56 that none of the underlying terrestrial wireless 
systems are compatible with the mobile terminal or if it 
is determined at step 58 that none of the compatible un- 
derlying ten-estrial wireless systems are willing to accept 
the mobile terminal 20 and at step 59 that none of the 
remaining compatible underlying terrestrial wireless 
systems will accept a test registration from the mobile 
terminal 20. the method ends at step 72 with the mobile 
terminal continuing to operate in the MSS mode. Of 



14 

course, the disclosed method of searching for a suitable 
terrestrial wireless system to switch to will restart as 
soon as the mobile terminal 20 periodically re-registers 
with the existing serving MSS system 10. for example. 

5 when the mobile terminal 20 remains idle for a pre-se- 
lected time period or enters another beam of the same 
MSS system 1 0 or when the nnobile terminal 20 registers 
with a next MSS system, for example, when the mobile 
terminal 20 leaves the coverage area of the existing 

10 MSS system 1 0 and enters the coverage area of a beam 
of a next MSS system. 

[0044] Retuming to step 58, upon determining that 
there are compatible terrestrial wireless systenns willing 
to accept the mobile terminal 20 or that there is a com- 

is patible terrestrial wireless system which will allow the 
mobile terminal 20 to test register therewith, the method 
then proceeds to step 60 where the nnobile terminal 20 
selects, from the available compatible terrestrial wire- 
less systems which are willing to accept the mobile ter- 

20 minal 20, a preferred terrestrial wireless system. If there 
is an available terrestrial wireless system which is both 
compatible with and willing to accept a test registratk>n 
from the mobile terminal 20. that ten-estrial wireless sys- 
tem will be the preferred system. If there is only one 

2S available terrestrial wireless system which is both com- 
patible with and willing to accept the mobile terminal 20, 
that terrestrial wireless system will be the preferred sys- 
tem. If, however, there are multiple available terrestrial 
wireless systems which are both compatible with and 

30 willing to accept the mobile terminal 20. at step 60. the 
mobile terminal 20 selects a preferred terrestrial wire- 
less system. As previously set forth, stored in the mem- 
ory subsystem of the mobile terminal 20 is a list of pre- 
ferred terrestrial wireless systems ranked in order of 

35 preference. The mobile terminal 20 checks the system 
ID for each available terrestrial wireless system compat- 
ible with and willing to accept the mobile terminal 20 to 
the system ID for the most preferred system on the list. 
If none of the available terrestrial wireless systems have 

40 a system ID which matches the system ID for the pre- 
ferred system, the system IDs for the available terrestrial 
wireless Systems are then checked against the systerri 
ID for the next preferred system. This continues until a 
match between one of the available terrestrial wireless 

45 systems and the highest ranked system ID on the list of 
preferred systems is identified. The nnatching terrestrial, 
wireless system is then selected as the preferred terres- 
trial wireless system. 

[0045] Proceeding on to step 62, the mobile terminal 
so 20 then determines if the selected terrestrial wireless 
system is available. Recalling that the coverage area 16 
for the MSS system 1 0 tends to be larger than the cov- 
erage area for a terrestrial wireless system, typically, 
plural terrestrial wireless systems will all underiie the 
55 larger MSS system 10. Thus, it Is entirely possible that, 
while the mobile terminal 20 is within the coverage area 
16 for the MSS system 10, it is outside the coverage 
area for the selected terrestrial wireless system. Accord- 
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ingiy. at step 62. the mobile terminal 20 checks to see if 
it is within the coverage area of the selected terrestrial 
wireless system. To do so. the mobile terminal 20 looks 
for the control channel, being broadcast by a terrestrial 
mobile terminal, which corresponds to the profile re- 
ceived from the MSS system 10. For example, the in- 
formatkjn received from the MSS system 10 over the 
idle hand-down control channel indicates the frequency 
at which the control channel for each terrestrial wireless 
system broadcasts. If a control channel located at the 
indkated frequency is received by the mobile terminal 
20, the mobile terminal 20 detemiines that it is within the 
coverage area of the selected terrestrial wireless sys- 
tem. 

[0046] If the selected system is available, the method 
proceecte to step 64 where the mobile terminal 20 op- 
tionally de-registers with the MSS system 10. switches 
its mode of operation from MSS to the mode of opera- 
tton. in most cases, either cellular or PCS, for the select- 
ed terrestrial wireless system and. at step 66. the mobile 
terminal 20 registers with the selected terrestrial wire- 
less system. To register wrth the terrestrial wireless sys- 
tern, the mobile terminal 20 again tunes to the control 
channel for the selected terrestrial wireless system and 
initiates the registratk)n process with the selected ter- 
restrial wireless system over the control channel. The 
method then ends at step 72 with the mobile terminal 
successfully switched into the terrestrial wireless mode, 
thereby successfully completing the idle hand-down 
from the MSS system 10 to the selected terrestrial wire- 
less system. 

[0047] Returning to step 62. if it is determined that the 
mobile terminal 20 is outside of the coverage area of the 
selected terrestrial wireless system, the method pro- 
ceeds to step 63 where the mobile temninal 20 deter- 
mines if there are addittonal compatible terrestrial wire- 
less systems willing to accept the mobile temninal 20. If 
there are. the method proceeds to step 65 where a next 
compatible terrestrial wireless system willing to accept 
the mobile terminal 20 is selected, for example, by com- 
*• paring the system IDs for the remaining terrestrial wire- 
less systems compatible with and willing to accept the 
mobile terminal 20 to the system IDs for the list of ter- 
restrial wireless systems stored in the memory subsys- 
tem of the mobile terminal 20 and ranked in order of pref- 
erence until a next preferred compatible terrestrial wire- 
less system willing to accept the mobile terminal 20 is 
identified. The method would then return to step 62 
where the mobile terminal 20 determines if the newly 
selected system is available. 

[0048] If. however, it is determined at step 63 that 
there are no other compatible terrestrial land-based 
wireless systems willing to accept the nnobile terminal 
20. the method proceeds to step 68 where the mobile 
terminal 20 awaits the expiration of a selected time pe- 
riod. Upon expiration of the time period, the method re- 
tums. via step 70. to step 60 where the mobile temninal 
20 re-selects the original preferred terrestrial wireless 



system and on to step 62 to again check to see if the 
mobile terminal 20 has entered the coverage area for 
the preferred terrestrial wireless system. The method 
will continuously loop in this manner until: (1) the pre- 
5 ferred terrestrial wireless system selected at step 60 be- 
comes available; (2) one of the other compatible terres- 
trial wireless systems willing to accept the mobile termi- 
nal 20 and selected at step 65 becomes available; or (3) 
until one of the conditions listed in step 70 occurs. Spe- 
10 cifically. as indicated at step 70. iff the mobile terminal 
20 detects either a re-registration with the existing MSS 
system 10, for example, when mobile terminal 20 re- 
mains idle for a pre-selected time period or enters a dif- 
ferent beam of the same MSS system, or a registration 
75 with a new MSS system, for example, when the mobile 
terminal 20 leaves the coverage area 16 of the prior 
MSS system 10 and enters the coverage area for a next 
MSS system before a selected system becomes avail- 
able, the method returns to step 54 where the search 
20 for a suitable terrestrial wireless system continues. 
[0049] The next of these MSS system to terrestrial 
wireless system hand-down techniques may be seen by 
reference to Fig. 3b. This method of switching from the 
MSS mode to a terrestrial wireless mode differs from 
25 that previously described in that the mobile terminal 20 
is now configured to determine its position. For example, 
the mobile terminal 20 may be equipped with a global 
positioning satellite (or 'GPS") receiver which enables 
the mobile terminal 20 to determine its position from the 
30 GPS satellite system. The method commences at step 
74. again when the following pre-conditions are met: the 
mobile terminal 20 is powered-up registered with a MSS 
system and idle. If any of these conditions are not met, 
for example, the mobile terminal 20 is in use, the rrx^bile 
35 terminal 20 will stay in the MSS operating mode and will 
not begin the process of switching into the terrestrial 
wireless mode. 

[0050] Upon commencement thereof, the method 
proceeds to step 76 where the mobile terminal 20 

40 checks to see if there are any underlying terrestrial wire- 
less systems by checking to see it there is switch-over 
informatk^n for any terrestrial wireless systems con- 
tained in the control channel for the MSS system. Iff the 
control channel for the MSS system 10 contains switch- 

45 over information tor one or more terrestrial wireless sys- 
tems which underlie the coverage area of the MSS sys- 
tem 10. the mobile terminal acquires the information. As 
before, the switch-over information may be both readily 
obtained and maintained by the MSS system 1 0 and will 

50 include switch-over information for any terrestrial wire- 
less system having a coverage area that overiaps any 
portion of the coverage area 16 of the MSS system 10. 
Again as before, the MSS system 10 will maintain the 
following switch-over information on any terrestrial wire- 

55 less system having a coverage area that overiaps any 
portion of the MSS system 10: system ID. networtc type, 
control channel structure and RF operating bands. In 
this embodiment, however, the switch-over kiformatton 
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should also include a description of the coverage area 
of each undertying terrestrial wireless system. For ex- 
ample, positional coordinates which describe the loca- 
tion of the boundary of the coverage area tor the under- 
lying terrestrial wireless system may be provided. The 
MSS system 10 continuously broadcasts the aforemen- 
tioned information for each undertying terrestrial wire- 
less system using the idle hand-down control channel. 
As the mobile terminal 20. whenever powered-up and 
idle, will periodically seek a suitable terrestrial wireless 
system, the mobile terminal 20 acquires the information 
from the idle hand-down control channel upon registra- 
tion with the MSS system 10, 

[0051] The method then proceeds on to step 78 where 
the mobile terminal 20 examines the acquired switch- 
over information to determine if any of the underlying 
terrestrial wireless systems are compatible with the nrto- 
bile terminal 20. For example, an undertying terrestrial 
wireless system is incompatible with the mobile terminal 
if each is configured for a different access method. If 
one or more of the terrestrial wireless systems are com- 
patible for use with the mobile terminal 20, the switch- 
over information for those terrestrial wireless systems is 
stored in memory for use upon entering the idle state. 
The method proceeds to step 80 where the mobile ter- 
minal 20 determines its own position by requesting po- 
sitional information from the GPS system associated 
therewith. The method then proceeds on to step 81 
where the mobile temiinal 20 determines whether there 
are any terrestrial wireless systems available. To do so. 
the mobile terminal 20 compares the positional informa- 
tion which describes the coverage area for each under- 
lying terrestrial wireless systems which was provided to 
the mobile terminal 20 as part of the switch-over infor- 
mation to the positional information provided by the GPS 
system to determine if the mobile terminal 20 is posi- 
tioned within the coverage area of any of the terrestrial 
wireless systems for which switch-over information has 
been received. Each terrestrial wireless system for 
which the mobile terminal 20 is determined to be posi- 
~ tibned within the coverage area thereof is then identified 
at step 81 as being available. 

[0052] If there are one or more available terrestrial 
wireless systems, the method continues on to step 82 
where the mobile terminal 20 determines if any of the 
compatible available terrestrial wireless systems are 
willing to accept the mobile terminal 20. Generally, a ter- 
restrial wireless system is only willing to accept mobile 
terminals for which a roaming or other sen^ice agree- 
ment has been reached. To check if any of the compat- 
ible available terrestrial wireless systems are willing to 
accept roaming, the mobile terminal 20 checks the wire- 
less system ID for each compatible available terrestrial 
wireless system to the system IDs maintained in the 
memory subsystem thereof. A match indicates that the 
terrestrial wireless terminal is willing to accept the mo- 
bile terminal 20. 

[0053] Again, there may be available MSS systems 



which are compatible for use with the nrobile terminal 
20 but which are not listed in the system IDs maintained 
in the memory subsystem of the mobile terminal 20. Ac- 
cordingly, if it is determined at step 82 that none of the 

s compatible available MSS systems are willing to accept 
the mobile terminal, the method proceeds to step 83 
where the mobile terminal 20 will attempt to test register 
with each of the compatible available MSS systems. Up- 
on the first successful registration the mobile terminal 

10 20 with one of the compatible available MSS systems 
not contained in the list of system IDs stored in the mem- 
ory subsystem, the mobile terminal 20 will add the sys- 
tem ID for the MSS system to the bottom of its list of 
system IDs stored in the menrrory subsystem and will 

IS then proceed to step 84. If. however, it is determined at 
step 82 that none of the compatible available undertying 
terrestrial wireless systenns are willing to accept the mo- 
bile tenninal 20 and it Is detemiined at step 83 that none 
of the compatible available underlying terrestrial wire- 

20 less systems will accept a test registration from the mo- 
bile terminal 20 at this location, the method proceeds to 
step 84 where the mobile terminal 20 will wait for a pre- 
set time period and then returns to step 80 to issue an- 
other positioning request and repeat the checking pro- 

25 cedure. 

[0054] If. however, it is determined at step 76 that 
there are no underlying terrestrial wireless systems or if 
it is determined, at step 78. that there are no undertying 
terrestrial wireless systems which are compatible with 
30 the mobile terminal 20, or if it determined at step SI that 
none of the compatible undertying ten-estrial wireless 
systems are available, the method ends at step 90 with 
the mobile terminal determining that it should continue 
to operate in the MSS mode. Of course, the disclosed 
35 method of searching for a suitable terrestrial wireless 
system restarts as soon as the nrK>bile terminal 20 re- 
registers with the MSS system 10. for example, when 
the mobile terminal 20 remains idle for a selected time 
period or when the mobile terminal 20 registers with a 
40 next MSS system, for example, when the mobile termi- 
nat-20 leaves the coverage area of the MSS system 10 
and enters the coverage area of a next MSS system. 
[0055] Returning to step 82. upon determining that 
there is a compatible available terrestrial wireless sys- 
45 tem willing to accept the mobile terminal 20 or that there 
is a compatible available terrestrial wireless system 
which will allow the mobile terminal 20 to lest register, 
the method then proceeds to step 85 where the mobile 
terminal 20 selects, from the compatible available ter- 
so restrial wireless systems which are willing to accept the 
mobile terminal 20, a preferred terrestrial wireless sys- 
tem. If there is only one compatible available terrestrial 
wireless system which is willing to accept the mobile ter- 
minal 20. that terrestrial wireless system will be the pre- 
ss f erred system. If, however, there are multiple compatible 
available terrestrial wireless systems which are willing 
to accept the mobile terminal 20, at step 86, the nnobile 
terminal 20 selects a preferred terrestrial wireless sys- 



10 



19 



EP0 951 190 A2 



20 



tern. As previously set forth, stored in the memory sub- 
system of the mobile terminal 20 is a list of preferred 
terrestrial wireless systems ranked in order of prefer- 
ence. The mobile terminal 20 checks the system ID for 
each available terrestrial wireless system compatible 
with and willing to accept the mobile terminal 20 to the 
system ID for the most preferred system on the list. If 
none of the available terrestrial wireless systems. Ter- 
restrial wireless systems have a system I D whk^h match- 
es the system ID for the preferred system, the system 
IDs for the available terrestrial wireless systems are 
then checked against the system ID for the next pre- 
ferred system- This continues until a match between one 
of the available terrestrial wireless systems and the 
highest ranked system ID on the list of preferred sys- 
tems is Identified. The matching terrestrial wireless sys- 
7em is then selected as the preferred terresUial wireless 
system. 

[0056] Proceeding on to step 86. the mobile terminal 
20 de-registers wilh the MSS system 10. switches its 
mode of operation f lom MSS to the mode of operation, 
in most cases, either cellular or PCS. for the selected 

. terrestrial wireless system and. at step 88. the mobile 
terminal 20 registers wrth the selected terrestrial wire- 
less system. To register with the terrestrial wireless sys- 

- tern, the mobile terminal 20 agam tunes to the control 
channel for the selected terrestrial wireless system and 
initiates the registration process with the selected ter- 
restrial wireless system over the control channel. The 
method then ends at step 90 with the mobile terminal 
successfully switched into the terrestrial wireless mode, 
thereby successlully completing the hand-down from 
the MSS system 10 to the selected terrestrial wireless 
system. 

[0057] The last of these idle hand-down techniques 
may be seen by reference to Fig. 3c. Like the Idle hand- 
down technique described with respect to Fig. 3b. this 
technique also determines the position of the mobile ter- 
minal 20. Here, however, the MSS system 10 deter- 
mines the position of the mobile terminal 20. This meth- 
- " - od of switching from the MSS mode to a terrestrial wire- 
less mode begins at step 92 and, at step 94, the mobile 
terminal 20 queries the MSS system 10 for information 
regarding any neighboring terrestrial wireless systems. 
As used herein, a "neighboring" terrestrial wireless sys- 
tem is a system having a coverage area within which 
the mobile terminal 20 is located. Queries for neighbor- 
ing systems may be periodically Issued by the mobile 
terminal 20. For example, the mobile terminal 20 may 
first query the MSS system 10 a preselected time period 
after power-up, registration and entry into the idle state. 
Thereafter, the mobile terminal 20 may query the MSS 
system 10 each time the idle state is entered and the 
preselected time period elapses while the mobile termi- 
nal 20 remains in the idle state. 
[0058] Upon receipt of the query, the method pro- 
ceeds to step 96 where the MSS system 10 determines 
the location of the nx>bile terminal 20. Again, determin- 



ing the posrtkjn of the querying mobile terminal 20 may 
be accomplished in a variety of technk^ues. For exam- 
ple, the MSS system 10 may be equipped with a con- 
ventional positional locating system capable of deter- 

5 mining the position of the mobile terminal 20 by radk^ 
ranging or other means. Alternately, the MSS system 10 
may determine the position of the mobile terminal 20 by 
receiving, from the mobile terminal 20, positional data 
obtained from an associated GPS devrce. Continuing on 

w to step 98. the MSS system then determines if there are 
any neighboring terrestrial wireless systems. Specifical- 
ly, the MSS system 10 compares the coverage area of 
the underlying ten-estrial wireless systems nnaintained 
In the memory subsystem thereof to the known position 

IS of the mobile terminal 20 to see if the mobile terminal 
20 is positioned within the coverage area of one or more 
of the underlying terrestrial wireless system. AH terres- 
trial wireless systems having the mobile terminal within 
the coverage area therefor are classified by the MSS 

20 system as neighboring terrestrial wireless systems 

[0059] Proceeding on to step 100. the MSS system 
10 retrieves switch-over information for the neighboring 
terrestrial wireless systems and transmits the svsritch- 
over information to the mobile terminal 20. As before. 

2S the switch-over information for a system is comprised of 
the following: system ID, network type, control channel 
structure and RF operating bands. Preferably, the infor- 
matk>n is placed in a message transmitted to the mobile 
terminal 20 over the control channel for the MSS sys- 

30 tem. While it could be placed within the idle hand-down 
control channel previously discussed, as the MSS sys- 
tem 10 has tailored the switchover infornnation for a 
specific mobile terminal 20. it is preferred that the mfor- 
matbn is directed only to that particular mobile terminal 

35 20. 

[0060] Upon receipt of the message by the mobile ter- 
minal 20. the method proceeds to step 102 where the 
mobile terminal 20 examines the switch-over infornna- 
tion to determine if any of the neighboring terrestrial 

40 wireless systems are compatible with the mobile temni- 
nal 20. For example, a neighboring terrestrial wireless 
system is incompatible with the mobile terminal if each 
is configured for a different access method. Alternately, 
the query issued by the mobile terminal 20 in step 94 

45 may include its access method. Later, the MSS system 
10 may compare the received access type to the access 
type for the terrestrial wireless systems classified as 
neighboring terrestrial wireless systems and. when 
transmitting switch-over information at step 100, include 

so Information only for the neighboring terrestrial wireless 
systems using that access method. Thus, rather than 
transmitting switch-over information for all neighboring 
terrestrial wireless systems and have the mobile termi- 
nal 20 determine which of these are compatible, in this 

55 alternative technique, the MSS system 1 0 would instead 
transmit switch-over infonrratk>n for all compatible 
neighboring terrestrial wireless systems to the mobile 
terminal 20. thereby eliminating the need for the nrxjbile 
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terminal 20 to determine, at step 102, which of the neigh- 
boring terrestrial wireless systems are compatible with 
the mobile terminal 20. 

[0061] If one or more of the neighboring terrestrial 
wireless systems are compatible for use with the mobile 
terminal 20. the method proceeds to step 104 where the 
mobile terminal 20 determines if any of the compatible 
neighboring terrestrial wireless systems are willing to 
accept the mobile terminal 20. Generally, a terrestrial 
wireless system is only willing to accept mobile termi- 
nals for which a roaming or other sen^ice agreement has 
been reached. To check if any of the compatible neigh- 
boring terrestrial wireless systems are willing to accept 
roaming, the mobile terminal 20 checks the wireless 
system ID for each compatible neighboring terrestrial 
wireless system to the system IDs maintained in the 
memory subsystem thereof. A match indicates that the 
terrestrial wireless terminal is willing to accept the mo- 
bile terminal 20. 

[0062] As before, there may be available terrestrial 
wireless systems which are compatible for use with the 
mobile terminal 20 but which are not listed in the system 
IDs maintaried in the memory subsystem of the mobile 
terminal 20. Accordingly, if it is determined at step 82 
that none of the compatible neighboring terrestrial wire- 
less systems are willing to accept the mobile terminal 
20, the method proceeds to step 103 where the mobile 
terminal 20 will attempt to test register with each of the 
compatible neighboring terrestrial wireless systems. 
Upon the first successful registration of the mobile ter- 
minal 20 with one of the neighboring terrestrial wireless 
systems not contained in the list of system IDs stored in 
the memory subsystems the mobile terminal 20 will add 
the system ID for the MSS system to the bottom of its 
list of system IDs stored in the memory subsystem and 
will then proceed to step 84. 

[0063] If it is determined at step 98 that there are no 
neighboring terrestrial wireless systems, or if it is deter- 
mined at step 1 02 that none of the neighboring terrestrial 
wireless systems are compatible with the mobile termi- 
hal 20r6rif it is determined at step 1 04 that none of the 
compatible neighboring terrestrial wireless systems are 
willing to accept the mobile terminal 20 and determined 
at step 105 that none of the remaining neighboring ter- 
restrial systems will allow the mobile terminal 20 to test 
register therewith., the method ends at step 1 1 2 with the 
mobile terminal 20 determining that it should continue 
to operate in the MSS mode within this pre-determined 
checking period. Of course, the disclosed method of 
searching for a suitable terrestrial wireless system will 
restart as soon as the mobile terminal 20 again queries 
the MSS for underlying terrestrial wireless systems, 
when the mobile terminal 20 re-registers with the MSS 
system 1 0, for example, If the mobile terminal 20 is pow- 
ered down and then powered up again or when the mo- 
bile terminal 20 registers with a next MSS system, for 
example, when the mobile terminal 20 leaves the cov- 
erage area of the MSS system 10 and enters the cov- 



erage area of a next MSS system. 
[0064] Returning to step 104, upon determining that 
there is a compatible available terrestrial wireless sys- 
tem willing to accept the mobile terminal 20, the method 
5 then proceeds to step 1 06 where the mobile terminal 20 
selects, from the compatible available terrestrial wire- 
less systems whrch are willing to accept the mobile ter- 
minal 20, a preferred terrestrial wireless system. If there 
is only one compatible available ten-estrial wireless sys- 
10 tern which is willing to accept the mobile terminal 20, 
that terrestrial wireless system will be the pref en-ed sys- 
tem. If. however, there are multiple compatible available 
terrestrial wireless systenrts which are willing to accept 
the mobile terminal 20, at step 86, the mobile tenninal 
IS 20 selects a preferred terrestrial wireless system. As 
previously set forth, stored in the menrxDry subsystem of 
the mobile terminal 20 is a list of preferred terrestrial 
wireless systems ranked in order of preference. The mo- 
bile terminal 20 checks the system ID for each available 
20 terrestrial wireless system compatible with and willing 
to accept the mobile terminal 20 to the system ID for the 
most preferred system on the list. If none of theavailable 
terrestrial wireless systems. Terrestrial wireless sys- 
tems have a system ID which matches the system ID 
2S for the preferred system, the system I Ds for the available 
terrestrial wireless systems are then checked against 
the system ID for the next preferred system. This con- 
tinues until a match between one of the available terres- 
trial wireless systems and the highest ranked system ID 
30 on the list of preferred systenr^s is identified. The match- 
ing terrestrial wireless system Is then selected as the 
preferred terrestrial wireless system. 
[0065] Proceeding on to step 1 08, the mobile terminal 
20 de-registers with the MSS system 10, switches its 
55 mode of operation from MSS to the mode of operation, 
in most cases, either cellular or PCS, for the selected 
terrestrial wireless system and. at step 110, the mobile 
terminal 20 registers with the selected terrestrial wire- 
less system. To register with the terrestrial wireless sys- 
40 tem, the mobile terminal 20 again tunes to the control 
channel for the selected terrestrial wireless system and 
initiates the registration process with the selected ter- 
restrial wireless system over the control channel. The 
method then ends at step 112 with the mobile terminal 
' 45 20 successfully switched into the terrestrial wireless 
mode, thereby successfully completing the hand-down 
from the MSS system 10 to the selected terrestrial wire- 
less system. Of course, if the MSS system 10 and the 
selected terrestrial wireless system are interconnected, 
so the de-registration message can be sent from the se- 
lected terrestrial wireless system after the mobile termi- 
nal 20 has registered therewith. By doing so, the nrobile 
terminal 20 avoids de-registration with the MSS system 
10 until after it has successfully registered with the se- 
55 lected terrestrial wireless system, thereby avoiding a 
possible loss of sen/ice which could occur if the mobile 
terminal 20 is unable to register with the selected ter- 
restrial wireless system after it de-registers with the 
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MSS system 10. 

[OOee] Allhough illustrative embodiments of the in- 
vention have been shown and described, other modifi- 
cations, changes, and substitutions are intended in the 
foregoing disclosure. Accordingly, it is appropriate that 
the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 



Claims 



1 . For a mobile terminal registered to a terrestrial wire- 
less system and configured for operation in a mobile 
satellite system CMSS") nrKxJe and a terrestrial 
wireless mode, a methdd of switching from operat- 
ing in said terrestrial wireless mode to operating in 
said MSS mode, comprising the steps of: 

said terrestrial wireless system broadcasting 
switch-over information for a MSS system; and 
said mobile terminal using said switchover in- 
formation to register with said MSS system. 

2- The method of claim 1 and further comprising the 
steps of: 

creating an idle hand-up control channel; and 
broadcasting said switch-over information for 
said MSS system over said idle hand-up control 
channel. 

3. The method of claim 1 or 2 wherein said switch-over 
information for said MSS system includes at least 
one parameter useful in registering with said MSS 
system. 

4. The method of claim 1 , 2 or 3 wherein said switch- 
over information for said MSS system includes at 
least one parameter useful in locating said MSS 
system. 

5. The method of claim 1 wherein, prior to registration 
with said MSS system, said mobile terminal is reg- 
istered with a terrestrial wireless system and in an 
idle state. 

6. The method of claim 5 and further comprising the 
steps of: 

said mobile terminal de-registering with said 
terrestrial wireless system; and 
said mobile terminal switching from said terres- 
trial wireless nr>ode to said MSS mode. 

7. For a mobile terminal registered to a mobile satellite 
system ("MSS") and configured for operation in 
MSS mode and a terrestrial wireless mode, a meth- 
od of switching from operating in said MSS mode 



to operating in said terrestrial wireless mode, com- 
prising the steps of: 

said MSS system broadcasting switch-over in- 
5 formation for a terrestrial wireless system: and 

said mobile terminal using said switch-over in- 
formation to register with said terrestrial wire- 
less system. 

10 a The method of claim 7 and further comprising the 
steps of: 

creating an idle hand-down control channel; 
and 

broadcasting said switch-over information for 
said terrestrial wireless system over said idle 
hand-down channel. 

9. The method of claim 8 wherein said switch-over in- 
formation includes at least one parameter useful in 
registering with said wireless terrestrial system. 

10. The method of claim 9 and further comprising the 
step of: 

broadcasting switch-over information for plural 
terrestrial wireless systems over said idle hand- 
down channel; 

said mobile terminal selecting, from said plural 
terrestrial wireless systems for which switch- 
over information was broadcast over said idle 
hand-down channel, a preferred terrestrial 
wireless system; and 

said mobile terminal using said broadcast infor- 
mation for said preferred terrestrial wireless 
system to register with said preferred terrestrial 
wireless system. 



75 



20 



2S 



30 



35 



11 



40 



45 



50 12. 



55 



The method of claim 10 wherein, priorto registration 
with said terrestrial wireless system, said mobile 
terminal is registered with a MSS system and in an 
idle state and wherein the method further compris- 
es: 

said mobile terminal de-registering with said 
terrestrial wireless system; and 
said mobile terminal switching from said lerries- 
iral wireless mode to said MSS mode. 

. For a mobile terminal configured tor operation in a 
first, rTX>bile satellite system ('MSS') mode and a 
second, terrestrial wireless, nrKxle, a method of 
switching from operating in said second mode to op- 
erating in said first mode, comprising the steps of: 

said rTK)bile terminal selecting a MSS system; 
upon selection of said MSS system, sard rrobile 
terminal switching from operating in said sec- 
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ond mode to operating in said first mode. 

13. The method of claim 12 wherein, prior to selection 
of said MSS system, said nK>bile terminal is regis- 
tered with a terrestrial wireless system and in an idle 
state. 

14. The method of claim 13 and further comprising the 
step of: 

said mobile terminal receiving, from said ter- 
restrial wireless system, switch-over infomr^tion for 
use when switching from operating in said second 
mode to operating in said first mode. 

15. The method of claim 14 and further comprising the 
step of: 

said terrestrial wireiess system transmitting 
said switch-over information over a control channel 
of said terrestrial wireless system. 

16. The method of claim 13 and further comprising the 
step of: 

prior to selecting a MSS system, said terres- 
trial wireless system identifying MSS systems hav- 
ing a coverage area which overlays a coverage ar- 
ea for said terrestrial wireless system, classifying 
all MSS systems having coverage areas which 
overlay said coverage area for said terrestrial wire- 
less system as available MSS systems and trans- 
mitting, to said mobile terminal switch-over informa- 
tion for all of said available MSS systems. 

17. The method of claim 16 and further comprising the 
step of: 

prior to selecting a MSS system, said terres- 
trial wireless system determining if said mobile ter- 
minal is leaving said coverage area for said terres- 
trial wireless system and advising said mobile ter- 
minal that it is leaving said coverage area for said 
terrestrial wireless system 

18. The method of claim 17 and further comprising the 
step of. 

said mobile terminal selecting one of said 
available MSS systems as said selected MSS sys- 
tem. 

19. The method of claim 18 wherein the step of select- 
ing one of said available MSS systems further com- 
prises the steps of: 

determining if any of said available MSS sys- 
tems are compatible with said mobile terminal; 
determining if any of said compatible and avail- 
able MSS systems will accept said mobile ter- 
minal; 

selecting, from said compatible and available 
MSS systems willing to accept said mobile ter- 



minal, a preferred MSS system as said selected 
MSS system. 

20. The method of claim 19 and further comprising the 
s step of: 

continuing to operate said mobile terminal in 
said second mode if: 

(1) there are no available MSS systems; 
10 (2) none of said available MSS systems are 

compatible with said mobile terminal; or 
(3) none of said compatible available MSS ter- 
minals are willing to accept said mobile termi- 
nal. 

75 

21. For a mobile terminal configured for operation in a 
first. nrK>bile satellite system ("MSS") mode and a 
second, terrestrial wireless, mode, a method of 
switching said mobile terminal from conducting op- 

20 erations with a MSS system in said first mode to 
conducting operations in said second mode, com- 
prising the steps of: 

while operating in said first mode, said mobile 
2S terminal selecting a terrestrial wireless system 

for further operations; and 
upon selection of a terrestrial wireless system 
for further operations, said mobile terminal 
switching from conducting operations in said 
30 first mode to conducting operations in said sec- 

ond mode. 

22. The method of claim 21 and further comprising the 
step of: 

35 while operating in said first mode, said mobile 

terminal receiving, from said MSS system, for each 
one of at least one terrestrial wireless system un- 
derlying a coverage area for said MSS system, 
switch-over information for use when switching 

40 from conducting operations with said MSS system 
" — in said first mode to conducting operations, in said 
second mode, with a respective one of said at least 
one terrestrial wireless systems underlying said 
coverage area for said MSS system. 

AS 

23. The method of claim 22 wherein the step of select- 
ing said terrestrial wireless system for further oper- 
ations further comprises the step of said mobile ter- 
minal selecting said terrestrial wireless system for 

so further operations from said at least one terrestrial 
wireless system for which said MSS system trans- 
mits switch-over information to said mobile termi- 
nal. 

55 24. The method of claim 23 . and further comprising the 
step of: 

said mobile terminal acquiring positional infor- 
mation for said mobile terminal. 
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2S. The method of claim 24 wherein the step of select- 
ing said terrestrial wireless system for continued op- 
erations from said at least one terrestrial wireless 
system for which said MSS system transmits 
switch-over infomnation to said mobile terminal fur- 
ther comprises the steps of: 

said mobile terminal determining if any of said 
at least one terrestrial wireless systems for 
which said MSS transmits switch-over infomna- 
tion is available; 

said mobile temrtinal determining if any of said 
at least one ten-estrial wireless system for 
which said MSS system transmits switch-over 
inlormalion and determined to be available are 
compatible with said mobile terminal; 
said mobile terminal determining if any of said 
at least one terrestrial wireless system for 
which said MSS system transmits switch-over 
inlormalion and determined to be available and 
compatible with said mobile terminal will accept 
said mobile terminal; and 
selecting, from said at least one terrestrial wire- 
less system for which said MSS system trans- 
mits switch-over information, determined to be 
available, compatible with said mobile terminal 
and which will accept said mobile terminal, a 
preferred terrestrial wireless system as said se- 
lected terrestrial wireless system for continued 
operations. 

26. The method according to claim 25 wherein the step 
of said mobile terminal determining if any of said at 
least one terrestrial wireless systems tor which said 
MSS transmits switch-over information is available 
further comprises the steps of: 

said mobile terminal determining, for each of 
said at least one terrestrial wireless systems for 
which said MSS transmits switch-over informa- 

tion. if said mobile terminal is located within a 

corresponding coverage area thereof; 
if said mobile temninal is located within said 
coverage area, said mobile terminal determin- 
ing that said corresponding terrestrial wireless 
system is available. 

27. The method of claim26 and further comprising the 
step of: continuing to operate said mobile terminal 
in said first mode if: 

(1) there are no available terrestrial wireless 
systems 

(2) none of said available terrestrial wireless 
systems are compatible with said mobile termi- 
nal; or 

(3) none of said compatible available terrestrial 
wireless systems are willing to accept said mo- 



2S 



bile terminal 

28. The method of claim21 and further comprising the 
steps of: 

5 

said MSS system acquiring positional ffiforma- 
tion for said mobile terminal; 
said MSS system determining If said mobile ter- 
minal is positioned within a coverage area of 

10 each one of at least one terrestrial wireless sys- 

tem underlying a coverage area for said MSS 
system; wireless system 
said mobile terminal receiving from said MSS 
system, for each one of said at least one ter- 

T5 restrel wireless system underlying said cover- 

age area for said MSS system and having a 
coverage area within which said mobile termi- 
nal is positioned, switch-over Information for 
use when switching from conducting opera- 

20 lions with said MSS system in said first mode 

to conducting operations, in said second mode, 
with a respective one of said at least one ter- 
restrial wireless systems underlying said cov- 
erage area for said MSS system. 

29. The method of claim 28 wherein the step of select- 
ing said terrestrial wireless system for further oper- 
ations further comprises the step of said mobile ter- 
minal selecting said terrestrial wireless system for 
30 further operations from said at least one terrestrial 
wireless system tor which said MSS system trans- 
mits switch-over information to said mobile termi- 
nal. 

35 30. The method of claim 29 wherein the step of select- 
ing said terrestrial wireless system for continued op- 
erations from said at least one terrestrial wireless 
system for which said MSS system transmits 
switch-over information to said mobile terminal f ur- 

40 iher comprises the steps of: 

said mobile terminal determining if any of said 
at least one terrestrial wireless system for 
which said MSS system transmits switch-over 
45 information are compatible with said mobile ter- 

minal; 

said mobile terminal determining if any of said 
at least one terrestrial wireless system for 
which said MSS system transmits switch-over 
so information and determined to be compatible 

with said mobile terminal will accept said nx>bile 
terminal; and 

selecting, from said at least one terrestrial wire- 
less system for which said MSS system trans- 
55 mits switch-over information, determined to b© 

compatible with said mobile terminal and which 
will accept said mobile terminal, a preferred ter- 
restr'Ql wireless system as said selected terres- 
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trial wireless system for cjontinued operations. 

31. The method of claim 29 and further comprising the 
step ot 

continuing to operate said mobile terminal in 5 
said first mode if: 

(1) there are no terrestrial wireless systems 
having coverage areas within which said mo- 
bile terminal is positioned 

(2) none of said terestrial wireless systems 
having coverage areas within which said mo- 
bile terminal is positioned are compatible with 
said mobile terminal; or 

(3) none of said compatible terrestrial wireless '5 
systems having coverage areas within wrtiich 
said mobile terminal is positioned are willing to 
accept said mobile terminal. 

20 
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(57) Methods for switching a mobile between oper- 
ation in an mobile satellite system mode and a terrestrial 
wireless mode. When operating in the terrestrial wire- 
less mode, the mobile terminal will initiate an attempt to 
switch into the MSS mode when it nears the boundary 
of the coverage area for a terrestrial wireless system to 
which it is registered Conversely, a mobile terminal op- 
erating in the MSS mode will regularly attempt to switch 
into the terrestrial wireless mode. For both, a switch be- 
tweenmodes is contingent on the mobile terminal iden- 
tifying a suitable system for registration therewith upon 
completing the switch between modes. The criteria for 
identifying a suitable system for selectbn purposes in- 



clude the following (1) the selected system is available, 
i.e.. the mobile terminal is physically located within a 
coverage area for the selected system; (2) the mobile 
terminal is compatible with the selected system; and (3) 
the selected system is willing to accept the mobile ter- 
minal. If multiple systems meet these criteria, the nrx>bile 
terminal will utilize a stored list of preferred systems to 
select therefrom. When switching into the terrestrial 
wireless nrode, the MSS system provides the mobile ter^ 
minal with switch-over information for the underlying ter- 
restrial wireless systems and, when switching into the 
MSS mode, the terrestrial wireless system provides the 
mobile terminal with switch-over information for the 
overlying MSS systems. 
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